INTRODUCTION
The first extensive hydrologic applications of quantitative measurem'ents of drainage basin morphology were illustrated by Horton [1945] In practice this approach has resulted in many 'flood formulas,' nearly all of which include basin area as one of the variables. Unfortunately, the approach usually involves many parameters that are dependent in some way on one another. Identifying and quantifying individual factors poses a major difficulty in the establishment of meaningful statistical relationships between various controls.
The purpose of this study is to compare and contrast morphometric properties of small (<100 mi •') drainage basins in regions of high flood potential with drainage basin parameters Copyright ¸ 1976 by the American Geophysical Union. from regions of low flood potential. Basins were selected on the basis of hydrologic studies by Beard [1975] , which defined flood potential as the standard deviation of the logarithms of the annual maximum streamflows. Because a proper understanding of the correlations derived in this study requires an appreciation of methodological limitations, this report will also consider the following: (1) the selection of parameters related to flood potential that can be measured from topographic maps or remote sensing imagery, (2) the resolution capabilities of the various sources of morphometric variables, and (3) the distinction between transient and permanent controls [Rodda, 1969] on local flood response characteristics.
MORPHOMETRIC PARAMETERS USEFUL IN ESTIMATING FLOOD RESPONSE
Drainage area is perhaps the most frequently employed variable in the estimation of stream discharge. Area has been correlated both with frequent runoff events of low magnitude [Hack, 1957] and with infrequent runoff events of high magnitude ; it has been used with runoff in humid [Benson, 1962] and arid [Burkham, 1966] regions. Gray [1970] reviewed numerous examples for regions throughout the world. In the present study, drainage areas were determined from U.S. Geological Survey water supply papers or, when necessary, by measurement from topographic maps with a polar planimeter.
Horton [1932, 1945] suggested that, in addition to area, stream slope and drainage density should be highly correlated with maximum flood discharge. Drainage density, the length of the channel per unit of drainage area, is controlled by numerous variables, including the relie.f, rainfall, infiltration capacity of the terrain, and resistance of the land to erosion [Horton, 1945] . Drainage density has been correlated with measures of relief and relief ratio [Schumm, 1956; Hadley and Schumm, 1961] , the Thornthwaites precipitation effectiveness index and the runoff intensity [Melton, 1957] , the intensity of precipitation [Chorley, 1957] [Horton, 1945; Strahler, 1958] and because of the wide range of naturally occurring values of drainage density [Schumm, 1956] it is an important variable. Certainly, in a very simplistic view, drainage density measures basin efficiency in removing excess precipitation inputs.
In an analysis of flood potential one might expect flood prone regions to be characterized by high drainage density values indicating low infiltration capacity, relatively short steep slopes, and low vegetative cover, all of which would lead to the rapid concentration of flood runoff. Low-flood potential regions might be expected to have low drainage density values, reflecting the inverse of the above conditions. The erodibility of the terrain, a function of local geology or relict drainage systems that result from paleoclimates, can add considerable complexity to this generalization.
A technical problem with the use of drainage density is the difficulty of measurement, particularly when large basins are considered. This problem can be circumvented by employing the line intersection-estimating procedure. [Morisawa, 1962] and central Texas streams . In addition, Blyth and Rodda [1973] noted that the number of flowing first-order streams increased with total rainfall and rainfall intensity. They noted that during dry periods, flowing first-order streams constituted less than 20% of the total flowing length of the network. At the maximum extent of the network the total length of first-order streams constituted over 50% of the total basin stream length.
The importance of basin relief as a hydrologic parameter has been noted by numerous investigators [Sherman, 1932; Horton, 1945; Strahler, 1958] . With increasing relief, steeper hillslopes, and higher stream gradients, time of concentration of runoff increases, thereby increasing flood peaks. Thus all other conditions being equal, the greater the relief of a basin, the greater the rate of hydrograph rise. In order to compare relief among basins of varying sizes, two dimensionless parameters were calculated. Relief ratio [Schumm, 1956] is the ratio of basin relief to basin length. Basin relief is measured by averaging the elevation of the divide and subtracting the elevation of the outlet. Basin length is measured parallel to the main stream. Ruggedness number [Melton, 1957] is the dimensionless product of drainage density and relief; and therefore areas of high drainage density and low relief are as rugged as areas of low drainage density and high relief. Areas of potential flash flooding might be expected to have the highest ruggedness numbers incorporating a fine drainage texture, with minimal length of overland flow across steep slopes, and high stream channel gradients. The combination of these factors might result in far higher flood peaks for an equivalent rainfall input than for basins having a low ruggedness number. Leopold and Langbein [1963] noted that in geomorphic systems the ability to measure may always exceed any ability to forecast. Although the present study is concerned with aspects of the network geometry that have adjusted to climatic and geologic factors, only a portion of a drainage form of a network. can be attributed to these deterministic factors. The rest has been ascribed to topological randomness [Shreve, 1966, The coefficients derived by' regression analysis for these basins are DD = The flash flood magnitude index is an estimator of the ratio of rare flood events to common flood events as they would be represented on a plot of discharge versus exceedence frequency per 100 events in a standard log Pearson type 3 frequency analysis [Beard, 1975] . Beard [1975] Where it was possible, published morphometric data were used to generate predictive equations. However, for two regions, central Texas and north central Utah, data were specifically generated for this study by topographic map analysis. Stream discharge records were gathered from published U.S. Geological Survey records and U.S. Forest Service open file reports. The log Pearson 3 frequency analysis was used to calculate exceedence probabilities from the annual peak data [Beard, 1974] . Where discharge data were not available, regional runoff equations were employed . Morphometric and discharge data were reduced and analyzed by standard statistical techniques, including correlation, discriminant function, and multiple-regression methods [Krumbein and Graybill, 1965; Snedecor and Cochran, 1967] . To avoid spurious correlations between morphometric variables and discharge, drainage area and those variables highly correlated with area (e.g., basin length) were eliminated from the analysis of stream runoff. [Woolley, 1946] . Interestingly, the flash flood magnitude index for this region is extremely low, ranging from 1.5 to 3.5. This is because the magnitude index is calculated from the distribution of the annual peak flows, which along the Wasatch front are related to snowmelt events (see U.S. Geological Survey Water-Supply Paper 1927). Eleven drainage basins along the Wasatch front were selected for study (Table 3) The San Gabriel Mountains are a fault block range bounded by three major fault zones [Maxwell, 1960] . The mountains themselves are highly faulted and consist of pre-Cretaceous schist, gneiss and granitic rocks surrounded by Tertiary and Symbols are the same as those defined in Table 2 with the addition of Q0.5, discharge with 0.5 exceedence probability per 100 events; Q0. a, discharge with 0.1 exceedence probability per 100 events; and Q0.0a, discharge with 0.01 exceedence probability per 100 events. Quaternary alluvial deposits [Maxwell, 1960] . Morphometric data measured by Maxwell [1960] were used from 12 basins (Table 4) values having an exceedence probability per 100 events of 0.1, 0.5, and 0.01 and (2) The transform X • 1og•0 X was performed. 
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